Objectives: This paper documents individual asthma action plan presence and quick relief medication (albuterol) availability for elementary students enrolled in five Alabama school systems. Patients and Methods: Data were obtained during baseline data collection (fall 2005) of a school-based supervised asthma medication trial. All students attended 1 of 36 participating elementary schools across five school systems in Jefferson County, Alabama. In addition, they had to have physician-diagnosed asthma requiring daily controller medication. Each school system had its own superintendent and elected school board. Asthma action plan presence and albuterol availability was confirmed by study personnel. Asthma action plans had to contain daily and acute asthma management instructions. Predictors of asthma action plan presence and albuterol availability were also investigated. Associations between albuterol availability and self-reported characteristics including health care utilization prior to study enrollment and outcomes during the study baseline period were also investigated. Results: Enrolled students had a mean (SD) age of 11.0 (2.1) years, 91% were African American, and 79% had moderate persistent asthma. No student had a complete asthma action plan on file and only 14% had albuterol physically available at school. Albuterol availability was not predicted by gender, race, insurance status, secondhand smoke exposure, need for pre-exercise albuterol, asthma severity, or self-reported health care utilization prior to study enrollment. Albuterol availability did not predict school absences, red/yellow peak flow recordings, or medication adherence during the study's baseline period. Conclusion: Despite policies permitting students to possess albuterol, few elementary students across five independent school systems in Alabama actually had it readily available at school.
Introduction
A sthma is one of the most common chronic health conditions in schools, affecting approximately 7 million children under the age of 18.
1 Because asthma accounts for more than 14 million school absences each year, it is also a leading cause of absence due to chronic illness. 2 Schools serving underrepresented students living in urban areas bear an even greater burden because these populations have higher than average asthma prevalence and asthma-related morbidity. 1, [3] [4] [5] [6] [7] [8] Students with asthma are absent about 2 days more than students without asthma and some miss much more. 9, 10 In contrast, students in schools with considerable health resources (e.g., full-time nurses, asthma continuing education programs, and asthma action plans) may miss no more school than students without asthma. 11 Therefore, schools have a vested interest in policies that promote an asthmafriendly environment.
Several national organizations have developed policy recommendations to help schools optimize the well-being of students with asthma. [12] [13] [14] [15] [16] These recommendations emphasize the importance of having written asthma action plans on file and quick-relief medication (albuterol) readily available for all students with asthma. The National Asthma Education and Prevention Program (NAEPP) guidelines recommend that schools have a written medication policy that allows safe, reliable, and prompt access to medications in the least restrictive way during all school-related activities. 14 Students should also have the ability to possess and selfadminister their asthma medications when appropriate.
Asthma action plans provide schools with specific instructions that describe the student's daily medication regimen, outline how to recognize worsening asthma, and how to manage it safely when it occurs. Specifically, asthma action plans should list the names, dosages, and administration frequency of all daily medications; describe what steps to take to avoid environmental triggers; indicate the symptoms and signs of worsening asthma; list what medications should be taken when the student has difficulty breathing; explain when urgent medical attention is needed; and provide important emergency contact information. 14 To be effective, a well-documented asthma action plan requires that albuterol be readily available to students while at school. In 2010, all 50 states had policies permitting students to possess and self-administer albuterol. 17 In 2003, these abilities were granted to Alabama students (setting of our study) as long as parents provided schools with written authorization, indemnification against future liability, and a signed physician medication order form. 18 We recently completed a school-based supervised asthma therapy clinical trial in five urban schools systems in Jefferson County, Alabama. 19 Alabama state law requires every school to have a completed health form for every enrolled student and an asthma emergency action plan on file for each student with asthma. To accomplish this, schools distribute health forms to parents during fall registration by mail or in person. Parents of children with asthma are also required to provide the school with a pre-printed, standardized emergency asthma action plan signed by the parent and the child's physician. This emergency asthma action plan allows school nurses or other qualified personnel to administer medication. In these school systems, there is approximately one school nurse for every four to five schools. This report documents individual asthma action plan presence and albuterol availability for elementary students enrolled in the participating schools at the beginning of the clinical trial.
Methods
Data were obtained during baseline data collection (fall 2005) of a recently completed school-based supervised asthma medication trial. 19 The methods of the original trial have been described in detail elsewhere. 19, 20 Eligibility requirements included physician-diagnosed asthma requiring daily controller medication and attendance at 1 of 36 participating elementary schools across five school systems in Jefferson County, Alabama. These schools systems served predominately African-American, urban, lowincome students. Each school system had its own administrative structure including a superintendent and elected school board. Parents provided written consent; children provided assent. The Institutional Review Board at the University of Alabama at Birmingham and an independent Data Safety and Monitoring Board approved and monitored the study.
At enrollment, the study personnel documented the presence of an asthma action plan, as well as the physical availability of albuterol for each student, including albuterol that was stored in the school office or carried by the student. Self-reported data including health care utilization, health insurance status, overall health status, and second-hand smoke exposure were collected at baseline via telephone interviews with a parent. Data on daily peak flow, symptoms, and absences were collected via a web-based, electronic monitoring system developed specifically for the study. Asthma severity and the need for pre-exercise albuterol were assessed clinically by either the child's primary asthma physician or the study physician.
Statistical analysis
Data were described as means (SDs) and counts (%) as appropriate. The following factors thought to be related to asthma action plan presence and albuterol availability were investigated: age, gender, race, school system, insurance status, asthma severity, overall health status, need for pre-exercise albuterol, second-hand smoke exposure, and asthma-related emergency department visits and hospitalizations in the 8 months prior to study enrollment. The associations between albuterol availability at enrollment and outcomes during the study's baseline period (October-December 2005) were also investigated. These outcomes included the number of respiratory absences, the number of red or yellow peak flow meter readings (monitored daily at school), and the proportion of expected controller medication refills that were obtained. Continuous variables were examined for normality. T-tests were used to examine associations with continuous variables and chi-square tests were used to examine the associations with categorical variables.
Results
A total of 290 students participated in this trial. The mean age, gender, race, health insurance status, asthma severity, self-reported health status, second-hand smoke exposure status, need for pre-exercise albuterol, prior health care utilization, and school system enrollment are described in Table 1 . While all students who had albuterol at school had one of the school's emergency asthma action plans on file, none of these plans contained all of the elements recommended by the NAEPP guidelines. For example, these pre-printed, standardized forms did not contain information regarding the student's daily asthma medication regimen or their known asthma triggers. The guidance for administration of albuterol was limited to ''Use as ordered.'' Only 14% (n = 41) of students were found to have albuterol while at school. No student with a diagnosis of severe asthma (n = 14) had albuterol. Of those with albuterol, very few self-carried; most albuterol was maintained in the school's health room or front office.
Overall, approximately 80% of students had a diagnosis of moderate asthma, and 90% were deemed to need preexercise albuterol. In the 8 months prior to study enrollment, 41% of caregivers reported one or more asthma-related emergency department visits, and 10% reported one or more asthma-related hospitalizations. There were no statistically significant differences between students who did and did not have albuterol readily available by age, gender, race, school system, insurance status, second-hand smoke exposure, need for pre-exercise albuterol, asthma severity, or reported asthma-related emergency department visits and hospitalizations.
Overall, 36% of children had at least one asthma-related school absence, and 65% had at least one red/yellow peak flow meter reading during the study's baseline period. When a student's daily controller regimen during the baseline period required one or more refills, 47% of those refills were actually obtained. There were no significant differences observed between albuterol availability at study enrollment and the number of asthma-related absences, red/yellow peak flow readings, or controller medication refills during the baseline period (Table 2) . Although not statistically significant, there was a trend toward fewer respiratory absences during the baseline period for students who had albuterol ( p = 0.06).
Discussion
Despite policies requiring students with asthma to have albuterol readily available at school, only 14% of elementaryage students with persistent asthma actually had it available in this large school-based study. Albuterol availability was not associated with any of the measured variables; however, students who had albuterol at study enrollment did seem to have fewer asthma-related absences during the study's baseline period ( p = 0.06). Because albuterol was provided at enrollment for all study participants for use at school during the baseline period, it is not clear why albuterol availability at enrollment would have predicted absences during the baseline period. It is possible that albuterol availability was a marker for some other behavior associated with exacerbation risk (e.g., trigger avoidance) or school attendance.
While all students who had albuterol also had a standardized emergency action plan on file, these forms were not ''true'' asthma action plans, as they lacked key elements recommended by the NAEPP guidelines. Key elements that were missing included the student's daily medication regimen and known asthma triggers.
14 More importantly, the 
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forms lacked detailed instructions on how much and how frequently albuterol should be administered during an emergency. Instead, the form instructed school personnel to use albuterol as ''ordered.'' In most instances, these orders were found on the medication label and included the instruction to ''take two puffs as needed every 4-6 hours for symptoms.'' This phrasing prevented school personnel from giving additional doses when students' symptoms persisted or when the student had recently used their inhaler prior to exercise. If the initial two puffs did not provide relief, the next recommended treatment escalation was paramedic notification. Thoughtful rephrasing could have provided greater flexibility for school personnel when responding to a student's respiratory difficulty. The simplicity of the schools' emergency action plans was likely intended to increase the return rate for completed forms. Even with study resources, we had difficulty obtaining medication order forms as part of our trial. To improve customizability while maintaining the ease of standardized forms, the schools could have substituted one of the customizable asthma action plans available from the NAEPP guidelines, 14 from many state asthma program Web sites, or from other reputable online sources. [21] [22] [23] Use of these forms has been shown to increase physician response and improve the quality of the order. 24 Another commonly encountered obstacle was the fact that many students did not have a usual source of care from which to obtain a physician signature. While our study physician could provide medication orders for these students during the trial, schools did not have a similar option.
Surprisingly, many students came forward during study recruitment who were not previously known by the school to have asthma. Some may have come forward to obtain study medication at no cost, but most students were already covered by public or private health insurance and should have had access to asthma medication. Even so, our provision of a second corticosteroid and albuterol inhaler just for school use may have been an unusual incentive. The fact that many students did not have a usual source of asthma care may have been an indication that the barriers to care (e.g., transportation difficulty, hourly wage employment without paid time off, and single-parent families) outweighed the perceived benefits of completing the medication order form and obtaining a second inhaler for school use. The schools faced similar challenges as they had even fewer resources and options to ensure that each student with asthma had an albuterol inhaler for school use. Many schools were aware that some students with asthma did not have an albuterol inhaler on hand, but it was simply too difficult for them to obtain the completed medication order forms and inhalers from parents.
The barriers faced by our schools are consistent with those identified in the literature. [25] [26] [27] For example, many schools with appropriate policies in place often fail to implement them fully. [28] [29] [30] [31] [32] [33] Others face similar challenges obtaining asthma action plans from physicians and parents, 29, [34] [35] [36] [37] securing physician time to complete personalized asthma action plans, 29 ensuring that school personnel have the knowledge needed to manage asthma at school, 32 and obtaining access to asthma specialists. 8 These reports and our experience suggest that school policies, while necessary, are not sufficient to ensure student access to albuterol while at school.
One approach to ensure that students have access to albuterol while at school is for the schools to maintain albuterol inhalers with disposable chambers. This approach has been endorsed by several national medical and school organizations since 2002 and eliminates the need for each student to bring their own inhaler. 38 National survey data provide indirect evidence regarding the availability of albuterol as part of a school's emergency equipment supply. The 2006 School Health Policies and Programs Study reported that 12% of schools had a stock inhaler, 30% had a nebulizer, and 35% had a peak flow meter. 39 A survey of the National Association of School Nurses indicated that 78% of nurses reported their school had an albuterol inhaler as part of their emergency equipment supply. 40 While not a substitute for each student having their own asthma action plan and quickrelief medication, stock inhalers would help address situations when albuterol is needed but a student's personal inhaler is not available.
These data in the paragraph above do not provide direct evidence on the availability of albuterol for individual students. To our knowledge, this report is one the first to assess individual student access to albuterol while at school. While our sample of schools is geographically limited to Alabama and the data are now 7 years old, it is also important to note that we were in 36 elementary schools across five independent school systems. Until more data are provided on individual student access to albuterol in elementary schools, the working assumption should be that these students likely have limited access to albuterol while at school.
Several important limitations should be noted. First, the trial was not specifically designed to identify barriers to albuterol access. Because of this, we may have failed to ask pertinent questions that would have shed more light on both barriers to and predictors of access to albuterol. Second, our results may not be widely generalizable, since our schools were from a single geographic area representing a rather homogenous population. Perhaps other school systems across the nation are doing better than the ones on which we report. It is also possible that our data may underestimate albuterol availability, as schools may have improved access since 2005 by either obtaining more inhalers from individual students or by adopting stock inhalers. Nevertheless, our results point out the very real possibility that some school systems may not be doing as well as expected. Third, this trial involved elementary schools exclusively and may not reflect circumstances and/or barriers to albuterol faced by older students in middle and high school. Fourth, the trial enrolled only a small number of students with severe asthma. It is possible that those who did participate were the students with the least resources and who could have only obtained an albuterol inhaler for school use by participating in the study.
In conclusion, we found few elementary students to have access to albuterol while at school despite state and local policies permitting students to possess albuterol. While geographically isolated, this finding was consistent across five independent school systems in Alabama. There are numerous potential barriers that likely contributed to this lack of access, but further research is needed to identify the most important of them. The schools were supportive of students having albuterol on hand, but seemed to lack the resources to make it happen for all students. The lack of albuterol availability potentially places students at unnecessary risk
